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(54) Laser working apparatus, laser working method, method for producing ink jet recording head 
utilizing such laser working apparatus or method, and ink jet recording head formed by such 
producing method 



(57) The invention provides a laser working appara- 
tus for effecting optical ablation working by irradiating a 
work article with laser light from a laser oscillator capa- 
ble of continuous emission of light pulses of a large en- 
ergy density in space and in time, with a pulse emission 
time not exceeding 1 picosecond, wherein control 



means for controlling the irradiation of the laser light is 
provided in a position not affecting the temperature con- 
trol of the laser oscillating portion and a configuration is 
provided for controlling the irradiation of the laser light 
continuously emitted from the laser oscillator by the con- 
trol means thereby effecting optical ablation working on 
the work article. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

[0001] The present invention relates to a laser work- 
ing apparatus, a laser working method, a method for 
producing an ink jet recording head utilizing such laser 
working apparatus or method, and an ink jet recording 10 
head produced by such producing method, and more, 
particularly to a laser working apparatus and a laser 
working method capable of ablation working of a work 
article and of fine working of a complex material and a 
complex structure such as of a micromachine, an IC and is 
a hybrid IC device. 

Related Background Art 

[0002] In case of forming a fine structure directly on a 20 
work article by laser light, there is generally employed 
a harmonic wave of an exclmer laser or a YAG laser, 
but, since the energy density of the laser light in the os- 
cillated pulse is limited to the order o.f 1 00 megawatts at • 
maximum, the laser working is difficult in materials of 25 
high thermal conductivity such as metals, ceramics or 
. minerals (such as silicon) or those of low light absorb- 
ance such as quartz or glass, and can only be applied 
for the sublimation ablation working principally of organ- 
ic resinous materials. Because of such drawbacks, in & 
case of fine working of a compound material including 
or composed of the aforementioned metals, ceramics, 
minerals or glass, the desired structure can only be 
formed by a lithographic process requiring steps of re- 
sist coating, resist patterning by exposure, resist devel- 35 
opment, etching utilizing the resist pattern and resist 
ashing for each of the different materials. 
[0003] Also in the manufacture of an ink jet recording 
head which is generally provided, in the ink discharge 
mechanism, with an ink discharge orifice for discharging 40 
ink, a liquid chamber containing ink to be supplied to the 
ink discharge orifice, an ink flow path connecting the ink 
discharge orifice and the liquid chamber, an energy gen- 
erating element provided in a part of the Ink flow path 
for generating energy for ink discharge and an ink sup- 45 
ply aperture for ink supply to the liquid chamber from the 
exterior, it is being tried to form the ink discharge orifice 
In a compound material including a laminated metal film 
in order to provide the plate bearing the Ink discharge 
orifice (hereinafter called orifice plate) with a function so 
not achievable with a resinous material only. In such 
case there is applied press working process or litho- 
graphic pattern etching process, but the press working 
is limited in the precision and is unsuitable for fine work- 
ing. Also the etching process Is disadvantageous in cost ss 
because of the complex working process, and also In 
the significant investment required. for the production fa- 
cility, in consideration of the process tact time. 



[0004] As explained in the foregoing, there is gener- 
ally required a complex working process such as the lith- 
ographic process, in order to form a fine structure in the 
work article. 

[0005] Therefore, the present applicant already pro- 
posed, for example in the Japanese Patent Applications 
Nos. 2000-187464, 2000-188333 and 2000-187146, 
means utilizing so-called femtosecond laser described 
for example in the "Next. Generation Optotechnology 
Review" (published 1 992 by Optronics Co.; Part 1 Ele- 
mentary Technology; Generation and compression of 
ultra short light pulse, pp.24-31) and executing irradia- 
tion with the laser light in plural pulses of a high energy 
density in space and in tfaie, emitted from a laser oscil- 
lator having a pulse emission time not exceeding 1 pi- 
cosecond, in concentrated manner with a predeter- 
mined energy density, thereby achieving sublimation 
ablation working before the laser light is diffused as ther- 
mal energy in the work article. With such means, since 
the energy density in time is drastically increased (a 
pulse emission time not exceeding 160 femtoseconds 
and an optical energy exceeding 500 microjoules per 
pulse being achievable in the commercially available 
femtosecond lasers, thus providing an energy density 
of about 3 gigawatts in the oscillated pulse of the emitted 
laser light), and since the laser irradiation time is very 
short, the sublimation ablation working process can be 
completed before the laser light is diffused as thermal 
energy in the work article. Such phenomenon may be 
scientifically interpreted that the optical energy is not 
converted into thermal energy but directly functions as 
the lattice cleaving energy because the photons require 
a time of about 1 picosecond for conversion into pho- 
nons or thermal quantum particles by absorption in the 
electrons. 

[0006] Such phenomenon allows to concentrate en- 
ergy even in materials of high thermal conductivity such 
as metals, ceramics or minerals (for example silicon) 
thereby easily achieving the working by a multi-photon 
absorbing process, and the working becomes possible 
even in materials of low light absorb ance such as glass, 
quartz or optical crystals as long as they have an ab- 
sorbance of 0.1 to 1%, since, even in such materials, 
the optical energy density reaches a glgawatt level 
which is more than 1 00 times higherthan that achieva- 
ble with the excimer laser. 

[0007] Consequently the optical ablation working, uti- 
lizing the high output femtosecond lasercapable of emit- 
ting a high power laser light with a pulse emission time 
not exceeding 1 picosecond, is highly promising as the 
fine working process not limited in the material, and Is 
therefore actively developed in recent years. 
[0008] However, the above-mentioned laser oscilla- 
tion system, capable of emitting the laser light with a 
pulse emission time not exceeding 1 picosecond, gen- 
erally employs vertical mode synchronization for oscil- 
lation, and the compression of the laser pulse in time is 
realized by the verticaJ mode synchronization, which re- 
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quires adjustment of an optical member in the laser sys- 
tem in the order of a micrometer. For this reason, the 
system is very sensitive to the thermal expansion orcon- 
traction of the members constituting the system, and, if 
the repeated oscillation state of the laser is changed for s 
example by a burst oscillation or a modulation of the re- 
peated oscillation frequency, the thermal equilibrium in 
the laser oscillator is perturbed to cause instability of the . 
temperature therein, whereby the support member for 
the optical members causes thermal expansion or con- 10 
traction to disrupt the optical adjustment of the microm- 
eter order, thereby resulting in a variation in the oscillat- 
ed pulse duration and the output energy of the laser 
light. In order to avoid such drawbacks, the above-men- 
tioned laser oscillation system is operated under tern- 15 
perature control of the order of 0. 1 °C for the portions of 
laser oscillation and amplification, but such temperature 
control is still insufficient and it is still desirable to oper- 
ate the system in a continuous pulse oscillation mode . 
in a stationary state. 20 
[0009] On the other hand, in case of using such con- 
tinuous pulse oscillation mode for actual working proc- 
ess, a light intercepting device or a light intensity atten- . 
uating device has to be provided in the optical path of 
the continuously emitted laser light, but such device, if 25 
simply provided in the laser oscillator, results in the fol- 
lowing drawbacks. 

[0010] As explained in. the foregoing, since the laser 
emission of the extremely short pulse emission time is 
achieved by the vertical mode synchronization, the op- 30 
tic a I members in the laser oscillation system have to be . 
positioned with a precision of the order of a micrometer, 
and the entire laser oscillator is precisely controlled In 
temperature with a precision of the order of 0.1 °C. If a 
light intercepting device or a light intensity, attenuating 3s 
device is simply provided in the main body of such laser 
oscillator, such device absorbs or emits the energy of 
the laser, whereby the temperature in the laser oscillator . 
is elevated by the absorption of the optical energy and 
the laser oscillation itself becomes extremely unstable. 40 
[0011] Also, for achieving optimum fine working with 
a higher precision, it is not sufficient to merely consider 
the influence on the temperature control of the entire 
laser oscillating portion, in providing the light intercept- 
ing device or the like therein. For achieving optimum fine 45 
working with a higher precision by the optical ablation 
working, the burst irradiation of the laser light in contin- 
uous pulses of a constant frequency is not sufficient but 
it is also required to vary the repeating frequency of the 
laser fight pulses or to vary the ratio in time of the laser so 
irradiating state and the laser non-Irradiating state, ac- 
cording to the physical characteristbs of the work article, 
the structure to be formed or the proceeding of working. 
More specifically it is required to optimize the interval of 
laser irradiations or to avoid the change in the ablating 55 
characteristics resulting from the shielding and absorp- 
tion of the light by the plasma cloud, according to the 
scattered state of the plasma, atomic and molecular par- 



ticles generated by the optical ablation. However, if the 
oscillation frequency of the laser light pulses from the 
laser oscillation system constituting the light source is 
directly modulated, there results the aforementioned 
drawback that the thermal equilibrium Is perturbed to al- 
ter the characteristics of the laser light. 
[0012] In consideration of the foregoing, the object of 
the present invention is to provide a laser working ap- 
paratus and a laser working method capable of control- 
ling the irradiation with the laser light continuously emit- 
ted from the laser oscillator without affecting the tem- 
perature control of the . entire laser oscillating portion; 
thereby achieving desired optical ablation working, also 
a producing method for an Inkjet recording head utilizing 
such laser working apparatus or method, and an Inkjet 
recording head obtained by such producing method. 

SUMMARY OF THE INVENTION 

[0013] The above-mentioned object can be attained, 
according to the present invention, by a laser working 
apparatus, a laser working method, a producing method 
for an ink jet recording head utilizing such laser working 
apparatus or method, and an Inkjet recording head ob- 
tained by such producing method, featured by the fol-. 
lowing configurations (1) to (30): 

(1) A laser working apparatus for effecting optical 
ablation working by irradiating a work article with la- 
ser light from a laser oscillator capable of continu- 
ous emission of a light pulse of a large energy den^ 
sity in space and in time, with a pulse emission time 
not exceeding 1 picosecond; 

wherein control means for controlling the irra- 
diation of the laser light is provided in a position not 
affecting the temperature control of the laser oscil- 
lating portion and a configu ration is provided for 
controlling the irradiation of the laser light continu- 
ously emitted from the laser oscillator by the control 
means thereby effecting optical ablation working on 
the work article. 

(2) A laser working apparatus according to (1), 
wherein the control means is provided outside the 
laser oscillator or in a chamber separate from a la- 
ser oscillation chamber in the laser oscillator. 

(3) A laser working apparatus according to (1) or 
(2), wherein the control means is a light intercepting 
device capable of transmitting or intercepting the la- 
ser light, and a configuration is provided for irradi- 
ating the work article with a predetermined number 
of pulses by the light intercepting device thereby 
achieving optical ablation working. 

(4) A laser working apparatus according to (3), 
wherein the light intercepting device is arranged by 
a mechanical electromagnetic chopper. , 

(5) A laser working apparatus according to (3), 
wherein the light intercepting device is arranged by 
an electrical liquid crystal shutter. 
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(6) A laser working apparatus according to (3), 
wherein the light intercepting device achieves inter- 
ception of light by a diffraction effect in an acous- 
tooptical modulator (AOM). 

(7) A laser working apparatus according to (3), s 
wherein the light intercepting device achieves inter- 
ception of light by a diffraction effect in an electroop- 
tical modulator (EOM). 

(8) A laser working apparatus according to (1), 
wherein the control means is light intensity attenu- 10 
ating means capable of controlling the attenuation 

of the intensity of the laser light, and a configuration 
is provided for irradiating the work article with a pre- 
determined energy density by the light intensity at- 
tenuating means. is 
(g) A laser working apparatus according to (8), 
wherein the light intensity attenuating means is ar- 
ranged by a variable light. attenuator for controlling 
the intensity of the transmitting light by varying the 
incident angle of light 20 

(10) A laser working apparatus according to (8), 
wherein the light intensity attenuating means is ar- • 
ranged by a light absorbing filter 

(11) A laser working apparatus according to (1) or 
(2), wherein the control means is a light interception 25 
control device capable of repeating the transmis- 
sion and interception of the transmitting light with a 
frequency smaller (or a period longer) than that of 
the consecutive light pulses emitted from the laser 
oscillator, and a configuration is provided for irradk 30 
ating the work article with the consecutive lightpuls^ 

es at a predetermined interval by the light intercep- 
tion control device, thereby achieving optical abla- 
tion working. 

(12) A laser working apparatus according to (-11), 35 
wherein the light interception control device is ar- 
ranged by a mechanical rotary chopper. 

(13) A laser working apparatus according to (12), 
wherein thetime ratio of transmission and intercep- 
tion of the light by the mechanical rotary chopper is 40 
set by the shape of a shielding plate of the mechan- 
ical rotary chopper. 

(14) A laser working apparatus according to (11), 
wherein the light interception control device is ar- 
ranged by an electromagneticalry controlled me- 45 
chanical shutter. 

(15) A laser working apparatus according to (11), 
wherein the light interception control device is ar- 
ranged by an electrical liquid crystal shutter. 

(16) A laser working apparatus according to (11), so 
wherein the light interception control device exe- 
cutes interception of the light utilizing the diffraction 
effect of an acousto optical modulator (AOM). 

(17) A laser working apparatus according to (11), 
wherein the light interception control device exe- ss 
cutes interception of the light utilizing the diffraction 
effect of an electro optical modulator (EOM). 

(18) A jaser working apparatus according to (11), 



wherein the temperature increase of the light inter- 
ception control device by the absorption of the laser 
light is prevented by air cooling means such as an 
air blower of by liquid cooling means such as a cir- 
culating liquid heat exchanger. 

(19) A laser working apparatus according to (11), 
wherein the laser light reflected by' the light inter- 
ception control device is absorbed by a light absorb- 
ing material such as a carbon block. 

(20) A laser working apparatus according to (11), 
wherein the repeating period of transmission and 
interception of the light by the light interception con- 
trol device is controlled by the electrical or mechan- 
ical control of the light interception control device by 
controller means. 

(21) A laser working apparatus according to (20), 
wherein the controller means is adapted to variably 
control the repeating period of transmission and in- 
terception of the light of the light interception control 
• device, according to the physical properties of the 
work article and the shape thereof to be worked, or 
according to the state of progress of the working. 

(22) A laser working apparatus according to (20), 
wherein the controller means is adapted to variably 
control the time ratio of transmission and intercep- 
tion of the light of the light interception control de- 
vice, according to the physical properties of the 
work article and the shape thereof to be worked, or 
according to the state of progress of the working. 

(23) A laser working apparatus according to (1), 
wherein the laser oscillator is provided with a spatial 
compression device for light propagation. 

(24) A laser working apparatus according to (23), 
wherein the spatial compression device for light 
propagation is arranged by chirping pulse genera- 
tion means and vertical mode synchronization 
means utilizing the optical wavelength dispersion 
characteristics. 

(25) A laser working method for effecting optical ab^ 
lation working by irradiating a work article with laser 
light from a laser oscillator capable of continuous 
emission of light pulses of a large energy density in 
space and in time, with a pulse emission time not 
exceeding 1 picosecond; 

wherein the temperature of an area including 
the laser oscillator Is controlled, and control means 
is provided, outside the temperature control area, 
on the optical axis of the laser light for controlling 
the irradiation of the laser light continuously emitted 
from the laser oscillator thereby effecting optical ab- 
lation working on the work article. 

(26) A laser working method according to (25), 
wherein the control means is arranged by a light in- 
tercepting device capable of transmitting or inter- 
cepting the laser light, and the light intercepting de- 
vice irradiates the work article with a predetermined 
number of pulses thereby achieving optical ablation 
working. 
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(27) A laser working method according to (25), 
wherein the control means is arranged by light in- 
tensity attenuating means capable of controlling the 
attenuation of the intensity of the laser light and the 
light intensity attenuating means Irradiates the work 5 
article with a predetermined energy density thereby 
achieving optical ablation working. 

(28) A laser working method according to (25), 
wherein the control means is arranged by a light In- 
terception control device capable of repeating the 10 
transmission and interception of the transmitting 
light with a frequency smaller (or a period longer) 
than that of the consecutive light pulses emitted 
from the laser oscillator, and the light interception 
control device irradiates the work article with the 15 
consecutive light pulses at a predetermined inter- 
val, thereby achieving optical ablation working. 

(29) A method for producing an ink jet recording 
head provided with an ink discharge orifice for dis- 
charging an ink droplet to be deposited on a record- 20 
ing medium, a liquid chamber for storing ink to be 
supplied to the* discharge orifice, an ink flow path 
connecting the discharge orifice and the liquid 
chamber, an energy generating element provided 

in apart of the inkflowpath andadaptedto generate 25 
energy for discharging ink, an ink supply aperture 
for supplying the liquid chamber with the ink from 
the exterior etc., by working a member constituting 
at least a part of the ink flow path by a laser working 
apparatus; so 

wherein a member constituting at least a part 
of the ink flow path is sublimatedly worked by using 
the laserworklng apparatus accordingto either one 
of (1) to (24) or the laserworklng method according 
to either one of (25) to (28). 35 

(30) An ink jet recording head provided with an ink 
discharge orifice for discharging an ink droplet to be 
deposited on a recording medium, a liquid chamber 
forsto ring ink to besupplied to thedischarge orifice, 

an ink flow path connecting the discharge orifice 40 
and the liquid chamber, an energy generating ele- 
ment provided in a part of the ink flow path and 
adapted to generate energy for discharging ink, an 
ink supply aperture for supplying the liquid chamber 
with the ink from the exterior etc., in which a mem- 45 
ber constituting at least a part of the Ink flow path is 
formed by a laser working apparatus; 

wherein the ink jet recording head Is produced 
by the producing method according to (29). 

so 

[0014] The present invention provides a laserworklng 
apparatus and a laser working method capable of 
achieving desired optical ablation working by controlling 
the irradiation of the laser light continuously emitted 
from the laser oscillator, without affecting the tempera- ss 
ture control of the entire laser oscillating portion, and a 
method for producing an ink jet recording head utilizing 
such laser working apparatus or method and an ink jet 



recording head produced by such producing method. 
[0015] Also the present invention provides a laser 
working apparatus and a laser working method capable 
of achieving precise laser working of predetermined 
depth and shape by irradiating the work article with a 
predetermined number of pulses by controlling the 
transmission and interception of the laser light, under 
stable laser oscillation and without affecting the temper- 
ature control of the entire laser oscillating portion, and 
a method for producing an ink jet recording head utilizing 
such laser working apparatus or method and an ink jet 
recording head produced by such producing method. 
[0016] Also the present invention provides a laser 
working apparatus and a laserworklng method capable 
of achieving precise laser working with a smooth worked 
surface by irradiating the work article with a predeter- 
mined energy density by controlling the intensity of the 
laser light, under stable laser oscillation and without af- 
fecting the temperature control of the entire laser oscil- 
lating portion, and a method for producing an ink jet re- 
cording head utilizing such laser working apparatus or 
method and an Inkjet recording head produced by such 
producing method. 

[0017] Also the present invention provides a laser 
working apparatus and a laserworklng method capable 
of optimizing the interval of laser irradiation in consider- 
ation of the scattered state of the plasma and gaseous 
atoms or molecules generated by the optical ablation 
and avoiding the variation in the ablating characteristics 
resulting from the light interception and absorption by 
the plasma cloud, thereby achieving optimum laser 
working of high precision by controlling the repeating pe- 
riod of the laser light pulses or the time ratio of laser 
Irradiating state and laser non -irradiating state accord- 
ing to the physical properties a nd work shape of the work 
article or the state of progress of working, without affect- 
ing the temperature control of the entire laser oscillating 
portion, and a method for producing an ink jet recording 
head utilizing such laser working apparatus or method 
and an Inkjet recording head produced by such produc- 
ing method. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] 

Fig. 1 is a schematic view showing the optical con- 
figuration of a laserworklng apparatus constituting 
an example 1 of the present invention; 
Fig. 2 is a schematic view showing the optical con- 
figuration of a laserworklng apparatus constituting 
an example 2 of the present invention; 
Fig. 3 is a schematic view showing the optical con- 
figuration of a laserworklng apparatus constituting 
an example 3 of the present invention; * 
Fig, 4 is a schematic view of a rotary chopper in the 
example 3 of the present Invention; 
Fig. 5 is a view showing the sequence of laser irra- 
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dialing method of the example 3 of the present in- 
vention;- and 

Figs. 6A, 6B and 6C are schematic views showing 
an inkjet recording head produced by a producing 
method embodying the present invention, 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 9] In a first embodiment of the present invention, 
the control means for controlling the laser light irradia- 
tion is arranged by a light intercepting device, which is 
provided in a p osition not affecting the temperature con- 
trol of the aforementioned laser oscillating portion, 
whereby the transmission and interception of the laser 
light, continuously emitted from the laser oscillator, can 
be controlled without generating heat from the optical 
energy in the laser oscillating portion. It is thus rendered 
possible to control the transmission and interception of 
the light under stable laser oscillation, without affecting 
the temperature control of the entire laser oscillating 
portion, and to irradiate the work article with a predeter- 
mined number of pulses thereby achieving precise laser 
working of a predetermined depth . 
[0020] In a second embodiment of the present inven- 
tion, the control means for controlling. the laser light ir- 
radiation is arranged by tight intensity attenuating 
means, which is provided in a position not affecting the 
temperature control of the aforementioned laser oscil- 
lating portion, whereby the intensity of the laser light, 
continuously emitted from the laser oscillator, can be at- 
tenuated without generating heat from the optical ener- 
gy in the laser oscillating portion. It is thus rendered pos- 
sible to attenuate the intensity of the light under stable 
laser oscillation, without affecting the temperature con- 
trol of the entire laser oscillating portion p and to irradiate 
the work article with a predetermined energy density 
thereby achieving precise laser working with a smooth 
worked surface. 

[0021 ] In a third embodiment of the present invention, 
a light interception control device capable of controlling 
the repetition of transmission and Interception of the 
transmitting light at a frequency smaller than that of the 
consecutive light pulses emitted from the laser oscillator 
is provided in a position not affecting the temperature 
control of the aforementioned laser oscillating portion, 
whereby the repeating period of the laser light pulses or 
the time ratio of the laser irradiating state and laser non- 
irradiating state can be controlled according to the phys- 
ical properties and work shape of the work article or the 
state of progress of the working, without affecting the 
temperature control of the entire laser oscillating por- 
tion, th ercby achieving highly precise optimum fine laser 
working. A direct modulation of the oscillation frequency 
of the laser light pulses in the laser oscillation system, 
constituting the light source, will result in a change in 
the characteristics of the laser light, resulting from a per- 
turbation In the thermal equilibrium state. However, a 



similar effect can be obtained in pseudo mariner by var- 
ying the repeating period of the transmission and inter- 
ception of light in the light interception control device or 
by varying the time ratio of the transmission and inter- 
5 ception of the light In the light interception control de- 
vice, as explained in the foregoing. 
[0022] In the following, examples of the present inven- 
tion will be explained with reference to the accompany- 
ing drawings. The examples 1 , 2 and 3 respectively cor- 
10 respond to the aforementioned first, second and third 
embodiments. 

[Example 1] 

15 [0023] Fig. 1 is a schematic view showing the optical 
path of the optical system of a laser working apparatus 
in the example 1 of the present invention, 
[0024] TTiere are shown a short pulse laser oscillator 
1 01 , a mask illuminating optical system 1 04 including a 
20 field lens, a condenser lens etc. (including other illumi- 
nating methods such as Koehler illuminating system 
and critical illuminating system), a photomask 105, a 
projection imaging lens 107, and a work article 108. 
[0025] In the above-mentioned optical system, a laser 
25 light beam 102 emitted from the short pulse laser oscil- 
lator 101 in a direction indicated by an arrow illuminates 
the photomask 105 by means of the mask illuminating 
optical system 1 04 including a field lens, a condenser 
. lens etc. (including other illuminating methods such as 
30 Koehler illuminating system, critical illuminating system 
etc.). A laser light beam 1 06 transmitted by a mask pat- 
tern formed on the photomask 105 is focused and pro- 
jected by the projection imaging lens 1 07, onto the work 
article 1 08, which Is thus worked by the laser oscillation. 
35 [0O26] The laser oscillator emitting the laser light with 
a pulse oscillation time not exceeding 1 picosecond, 
adapted for use in such laser working apparatus, is a 
laser oscillator utilizing the vertical mode synchroniza- 
tion. The laser pulses from such laser oscillator are gen- 
40 erally emitted in consecutive manner. Therefore, in or- 
der to control the irradiation to a predetermined number 
of pulses, the present example employs a light intercept- 
ing device 103 capable of controlling the transmission 
and interception of light, positioned in the optical path 
45 of the laser tight beam 1 02 emitted from the laser oscil- 
lator 101 but in a position not affecting the temperature 
control of the entire laser oscillating portion such as out- 
side the laser oscillator or in a chamber separate from 
a laser oscillating chamber in the laser oscillator, and 
so the work article is worked by a predetermined amount 
by on/off control wherein the light transmitting state and 
the light non-transmitting state are respectively taken as 
"on" and "off. Th e aforementioned position not affecting 
the temperature control of the entire laser oscillating 
55 portion is preferably between the laser oscillator 101 
and the optical system in the optical path of the afore- 
mentioned optical system, and more preferably in the 
vicinity of the laser light exit of the laser oscillator 101 . 
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[0027] The timing of shuttering operation of such de- 
vice may be controlled by counting the number of pulses 
or the time. 

[0028] The present example employs an electromag- 
netic mechanical shutter of chopper type as the light in- 
tercepting device mentioned above. 
[0029] However, in order to realize a short operation 
time that is not achievable with such mechanical shutter, 
it is also possible to.tum on and off the light interception 
for example by an electrically controlled liquid crystal 
shutter, or an acoustooptlcat modulator (AOM) element 
or an electrooptical modulator (EOM) element for 
changing the proceeding direction of light between an 
"on* state in which the light proceeds straight and an 
"off" state in which the light is deflected by the optical 
diffraction effect However, the laser pulse not exceed- 
ing 1 picosecond, generally oscillated by multiple verti- 
cal mode, is associated with a spread laser wavelength 
head. For this reason, there is encountered a drawback 
that the laser pulse width is somewhat elongated upon. 
. passing a bulk optical element because of the wave- 
length dispersion characteristics thereof. 
[0030] Also in case of multiple work articles, namely 
in case of application to mass production, the stability 
of the pulse duration and the output energy, which are 
the oscillation characteristics of the laser, are very im- 
portant, ittherefore becomes essential, as inthe present 
example, to turn on and off the laser irradiation by posi- 
tioning the light intercepting device in a part of the optical 
path not affecting the temperature control of the laser 
oscillating portion. 

[Example 2] 

[0031] Fig. 2 Is a schematic view showing the optica! 
path of the optical system of a laser working apparatus 
in the example 2 of the present invention. 
[0032] There are shown a short pulse laser oscillator 
201, a mask illuminating optical system 204 including a 
field lens, a condenser lens etc. (including other illumi- 
nating methods, such as Koehler Illuminating system 
and critical illuminating system), a photomask 205, a 
projection imaging lens 207, and a work article 208. 
[0033] In the above-mentioned optical system, a laser 
light beam 202 emitted from the short pulse laser oscil- 
lator 201 in a direction indicated by an arrow illuminates 
the photomask 205 by means of the mask illuminating 
optical system 204 including a field lens, a condenser 
lens etc. (including other Illuminating methods such as 
Koehler illuminating system, critical illuminating system 
etc.). A laser light beam 206 transmitted by a mask pat- 
tern formed on the photomask 205 Is focused and pro- 
jected, by the projection imaging lens 207, onto the work 
article 208, which is thus worked by the laser oscillation. 
[0034] The laser oscillator emitting the laser light with 
a pulse oscillation time not exceeding 1 picosecond, 
adapted for use in such laser working apparatus, is a 
laser oscillator utilizing the vertical mode synchroniza- 



tion. The laser pulse energy from such laser oscillator 
is generally constant. Therefore, in order to control the 
irradiation to a predetermined light intensity, the present 
example employs light intensity attenuating means 203 
5 in the optical path of the laser light beam 202 emitted 
from the laser oscillator 201 but in a position not affect- 
ing the temperature control of the entire laser oscillating 
portion such as outside the laser oscillator or in a cham- 
ber separate from a laser oscillating chamber in the la- 
10 ser oscillator, and the work article is worked In optimum 
manner by the control of the irradiating light intensity at 
the optimum level. The aforementioned position not af- 
fecting the temperature control of the entire laser oscil- 
lating portion is preferably between the laser oscillator 
15 201 and the optical system in the optical path of the 
aforementioned optical system, and more preferably jn 
the vicinity of the laser light exit of the laser oscillator 
201. 

[0035] In the present example, the light Intensity at- 
tenuating means is arranged by a variable attenuator. 
Naturally it may also be arranged by a light absorbing 
filter or a simple optical attenuator. 
[0036] However, the laser pulse not exceeding 1 pi- 
cosecond, generally oscillated by multiple vertical 
mode, is associated with a spread laser wavelength 
band. For this reason, there is encountered a drawback 
that the laser pulse width is somewhat elongated upon 
passing a bulk optical element because of the wave- 
length dispersion characteristics thereof. 
[0037] Also In case of multiple work articles, namefy 
in case of application to mass production, the stability 
of the pulse duration and the output energy, which are 
the oscillation characteristics of the laser, are very im- 
portant. Ittherefore becomes essential, as in the present 
example, to position the light intensity attenuating 
means in a part of the optical path not affecting the tem- 
perature control of the laser oscillating portion. 

[Example 3] 

[0038] Fig. 3 is a schematic view showing the optical 
path of the optical system of a laser working apparatus 
in the example 3 of the present invention. 
[0039] Referring to Fig. 3, a laser light beam 302 emft- 
ted from a short pulse laser oscillator 301 In a direction 
indicated by an arrow illuminates a photomask 305 by 
means of a mask illuminating optical system 304 includ- 
ing a field lens, a condenser lens etc. (including other 
illuminating methods such as Koehler illuminating sys- 
tem, critical illuminating system etc.). A laser light beam 
306 transmitted by a mask pattern formed on the pho- 
tomask 305 is focused and projected, by a projection 
imaging lens 307, onto a work article 1 08, which is thus 
worked by the laser oscillation. 
[0040] The laser oscillator emitting the laser light with 
a pulse oscillation time not exceeding 1 picosecond, 
adapted for use In such laser working apparatus, exe- 
cutes compression of the optical pulse time, utilizing the 
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vertical mode synchronization, and the pulses are emit- 
ted in continuous manner with a fixed period as ex- 
plained in the foregoing, with an oscillation frequency of 
about 1 kHz in the commercially available laser oscilla- 
tors. Therefore, in the present example, a light intercep- 
tion control device is arranged by a rotary chopper 304 
positioned in the optical path of the laser light beam 302 
emitted from the laser oscillator 301 , and a rotary disk 
shaped as a windmill as shown in Fig. 4 is rotated in a 
direction indicated by an arrow under the control of the 
rotating speed by unrepresented motor and controller, 
thereby controlling the cycle time of transmission and 
interception of the laser light from several Hertzs to a 
value slightly less than the oscillation frequency of the 
laser oscillator. The time ratio of light transmission and 
interception is determined by the windmill shape of the 
chopper. 

[0041 ] Portions of the rotary chopper 303 constituting 
the light interception control device, receiving the irradi- 
ation by the laser light, are coated in a color showing a 
high absorbance to the wavelength of the laser light; 
whereby, when in the light-intercepting state, the laser 
light is absorbed by the chopper member and converted 
into thermal energy. Since the laser beam is spread spa- 
tially, the irradiation energy density of the laser light does 
not reach the ablating threshold, whereby the optica I en- 
ergy does not cause ablation working but is merely con- 
verted into thermal energy, so that the chopper is not 
damaged. Also the heated rotary chopper 303 is cooled 
by blowing air or nitrogen gas from a gas blower 309. 
[0042] In case the laser light is partially reflected in 
the light-intercepting state, certain measures have to be 
provided for dealing with such reflected light, though 
such measures are not illustrated. The reflected light Is 
finally absorbed by a light absorbing material such as 
carbon. 

[0043] Also In case the light-intercepting state is real- 
ized by deflecting the light by reflection, the deflecting 
reflective plate has to be inclined from a state perpen- 
dicular to the optical axis of the laser light in order that 
the reflected light does not return to the laser oscillator, 
and the reflected light has to be finally absorbed by a 
light absorbing material such as carbon. 
[0044] in terminating the optical ablation working, the 
rotary chopper 303 constituting the light interception 
control device can be stopped in the light-intercepting 
state. 

[0045] In the present example, the light interception 
control device is arranged by a repeating mechanical 
shutter such as the rotary chopper, but ft may also be 
arranged by an electromagneticalfy controlled mechan- 
ical shutter, or/in order to realize a short operation time 
that Is not achievable with such mechanical shutter, it is 
also possible to turn on and off the light interception for 
example by an electrically controlled liquid crystal shut- 
ter, or an acoustooptlcal modulator (AOM) element or 
an electrooptical modulator (EOM) element for chang- 
ing the proceeding direction of light between an "on" 



state in which the light proceeds straight and an "off" 
state in whtch.the light Is deflected by the optical diffrac- 
tion effect. In such case, the cycle time of light transmis- 
sion and interception, and the time ratio of transmission 

5 and interception of the laser light can be controlled by 
controller means for the shutter. 
[0046] However, the laser pulse not exceeding 1 pi- 
cosecond, generally oscillated by multiple vertical 
mode, is associated with a spread laser wavelength 

io band. Forthis reason, there is encountered a drawback 
that the laser pulse width is somewhat elongated upon 
passing a bulk optical element, because of the wave- 
length dispersion characteristics thereof. It is therefore 
necessary to incorporate correction means, for example 

is utilizing the abnormal wavelength dispersion character- 
istics, in the optical system. 

[0047] Also in case of multiple work articles, namely 
in case of application to mass production, the stability 
of the pulse duration and the output energy, which are 
20 the oscillation characteristics of the laser, are very im- 
portant, Ittherefore becomes essential, as in the present 
example, to position the light interception control device 
in a part of the optical path not affecting the temperature 
control of the laser oscillating portion, thereby control- 
's ling the time ratio of transmission and interception of the 
laser light. The light interception control device may be 
provided in any position in the optical path of the afore- 
mentioned optical system, but is preferably provided in 
a position where the laser beam becomes a parallel 
beam, between the laser oscillator 301 and the afore- 
mentioned optical system. 

[0048] The laser working process basically assumes 
a sequence as shown in Fig. 5, in which an irradiating 
state X and a non-Irradiating state Y are repeated by a 
train of laser pulses. There is however provided a con- 
figuration for achieving precise and optimum optical ab- 
lation working by modulating the repeating period of the 
laser light pulses or modulating the time ratio of the ir r 
radiating state and non -irradiating state of the laser light 
pulses according to the physical properties and work 
shape of the work article and the state of progress of 
working. 

[0049] Figs. 6A, 6B and 6C show an ink jet recording 
head, worked by the laser working apparatus of the ex- 
amples 1 to 3. 

[0050] Referring to Figs. 6A to 6C, a substrate 33 
bears an ink discharge pressure generating element 34 
for discharging ink, such as an electrothermal convert- 
ing element or an electromechanical converting ele- 
ment. The ink discharge pressure generating element 
34 is provided in an ink flow path 31 communicating with 
a discharge orifice 21 , and the ink flow paths 31 com- 
municate with a common liquid chamber 32, connected 
to an ink supply pipe (not shown) for ink supply from an 
ink tank. 

[0051] A top plate 35 is provided with recesses for 
forming the ink flow path 31 and the common liquid 
chamber 32, and is adjoined to thesubstrate 33 forform- 
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ing the ink flow path 31 and the common liquid chamber 
32. 

[0052J On the adjoined body of the substrate 33 and 
the top plate 35, at an end of the ink flow paths, there is 
provided an orifice plate 2 having a discharge orifice 21 . s 
[0053] Such ink jel recording head can be prepared 
in the following manner. 

[0054] At first the substrate 33 is prepared by pattern- 
ing a heater 34, constituting the heat generating resistor 
element for generating the ink discharge pressure, an to 
integrated circuit such as shift registers, and electric wir- 
ings on a silicon substrate. Also the top plate 35 is pre- 
pared by forming recesses for constituting the ink flow 
path 31 and the common liquid chamber 32 and an ink 
supply aperture (not shown) by patterned projection of 15 
light pulses of predetermined numbers from the afore- 
mentioned laser working apparatus. 
[0055] Then the substrate 33 and the top plate 35 are 
mutually aligned and adjoined in such a manner that the 
end faces at the ink discharge side as well as the ink 20 
flow paths 31 and the heaters 34 mutually match. Then 
the orifice plate 2 in which the orifices are not yet formed 
is adjoined to the end face, at the ink discharge side, of 
the adjoined body of the top plate and the substrate, 
and, in such state, the orifices 21 are formed by pat- 25 
terned irradiation with the light pulses of predetermined 
numbers by the aforementioned laser working appara- 
tus. Thereafter the ink jet recording head is completed 
by connecting an electric circuit board on which heater 
driving terminals are patterned, adjoining an aluminum 30 
base plate to the substrate 33, and connecting a holder 
for holding various members and an ink tank for ink sup- 
ply. 

[0056] The Invention provides a laser working appa- 
ratus for effecting optical ablation working by irradiating 35 
a work article with laser light from a laser oscillator ca- 
pable of continuous emission of light pulses of a large 
energy density in space and in time, with a pulse emis- 
sion time not exceeding 1 picosecond, wherein control 
means for controlling the irradiation of the laser light is *o 
provided in a position- not affecting the temperature con- 
trol of the laser oscillating portion and a configuration is 
provided for controlling the- irradiation of the laser light 
continuously emitted from the laser oscillator by the con- 
trol means thereby effecting optical ablation working on *s 
the work article. 



Claims 

50 

1. A laser working apparatus for effecting optical ab- 
lation working by irradiating a work article with laser 
light from a laser oscillator capable of continuous 
emission of a light pulse of a large energy density 
in space and in time, with a pulse emission time not ss 
exceeding 1 picosecond; 

wherein control means for controlling the irra- 
diation of said laser light Is provided In a position 



not affecting the temperature control of said laser 
oscillating portion and a configuration is provided 
for controlling the irradiation of the laser light con- 
tinuously emitted from said laser oscillator by said 
control means thereby effecting optical ablation 
working on the work article. 

2. A laser working apparatus according to claim 1 , 
wherein said control means is provided outside the 
laser oscillator or In a chamber separate from a la- 
ser oscillation chamber in the laser oscillator. 

3. A laser working apparatus according to claim 1 or 
2, wherein said control means is a light intercepting 
device capable of transmitting or intercepting said 
laser light, and a configuration is provided for irra- 
diating the work article with a predetermined 
number of pulses by said light intercepting device 
thereby effecting optical ablation working. 

4. A laser working apparatus according to claim 3, 
wherein said light intercepting device is arranged 
by an electromagnetic mechanical chopper.. • . 

5. A laser working apparatus according to claim 3, 
wherein said light intercepting device is arranged 
by an electrical liquid crystal shutter. 

6. A laser working apparatus according to claim 3, 
wherein said light Intercepting device achieves in- 
terception of light by a diffraction effect in an acou- 
stooptical modulator (AOM). 

7. A laser working apparatus according to claim -3, 
wherein said light intercepting device achieves in- 
terception of light by a diffraction effect in arrelec- 
trooptical modulator (EOM). v? 

8. A laser working apparatus according to claim 1 , 
. wherein said control means is light intensity atten- 
uating means capable of controlling the attenuation 
of the intensity of said laser light, and a configura- 
tion is provided for irradiating the work article with 
a predetermined energy density by said light inten- 
sity attenuating means, thereby effecting light abla- 
tion working. 

9. A laser working apparatus according to claim 8, 
wherein said light intensity attenuating means Is ar- 
ranged by a variable light attenuator tor controlling 
the intensity of the transmitting light by varying the 
incident angle of light. 

10. A laser working apparatus according to claim 8, 
wherein said light intensity attenuating means is ar- 
ranged by a light absorbing filter. 

11. A laser working apparatus according to claim 1 or 
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2, wherein said control means is arranged by a light 
interception control device capable of repeating the 
transmission and interception of the transmitting 
light with a frequency smaller (or a period longer) 
than that of the consecutive light pulses emitted 
from said laser oscillator,- and a configuration is pro- 
vided for irradiating the work article with the consec- 
utive light pulses at a predetermined interval by said 
light Interception control device, thereby effecting 
.optical ablation working. 

12. A laser working apparatus according to claim 11, 
wherein said light interception control device is ar- 
ranged by a mechanical rotary chopper, 

13. A laser working apparatus according to claim 12, 
wherein the time ratio of transmission and intercep- 
tion of the light by said mechanical rotary chopper 
is set by the shape of a shielding plate of said me- 
chanical rotary chopper. 

14. A laser working apparatus according to claim 11, 
wherein said light interception control device is ar- 
ranged by an electromagnetically controlled me- 
chanical shutter. 

15. A laser working apparatus according to claim 11, 
wherein said light interception control device is ar- 
ranged by an electrical liquid crystal shutter. 

16. A laser working apparatus according to claim 11, 
wherein said light Interception control device exe- 
cutes Interception of the light utilizing the diffraction 
effect of an acoustooptical modulator (AOM). 

17. A laser working apparatus according to claim 11, 
wherein said light interception control device exe- 
cutes interception of the light utilizing the diffraction 
effect of an electrooptical modulator (EOM). 

18. A laser working apparatus according to claim 11, 
wherein the temperature increase of said light inter- 
ception control device by the absorption of the laser 
light is prevented by air cooling means such as an 
air blower or by liquid cooling means such as a cir- 
culating liquid heat exchanger. 

19. A laser working apparatus according to claim 11, 
wherein the laser light reflected by said light inter- 
ception control device is absorbed by a light absorb- 
ing material such as a carbon block. 

20. A laser working apparatus according to claim 11, 
wherein the repeating period of transmission and 
interception of the light by said light interception 
control device is controlled by the electrical or me- 
chanical control of said light interception control de- 
vice by controller means. 



21. A laser working apparatus according to claim 20, 
wherein said controller means is adapted to variably 
control the repeating period of transmission and in- 
terception of the light of said light interception con- 

5 trol device, according to the physical properties of 
the work article and the shape thereof to be worked, 
or according to the state of progress of the working. 

22. A laser working apparatus according to daim 20, 
10 wherein said controller means is adapted to variably 

control the time ratio of transmission and intercep- 
tion of the light of said light interception control de- 
vice, according to the physical properties of the 
work article and the shape thereof to be worked, or 
15 according to the state of progress of the working. 

23. A laser working apparatus according to claim 1, 
wherein said laser oscillator is provided with a spa- 
tial compression device for light propagation. 

20 

24. A laser working apparatus according to claim 23, 
wherein said spatial compression device for light 
propagation is arranged by chirping pulse genera- 
tion means and vertical mode synchronization 

25 means utilizing the optical wavelength dispersion 
characteristics. 

25. A laser working method for effecting optical ablation 
working by irradiating a work article with laser light 

30 from a laser oscillator capable of continuous emis- 
sion of light pulses of a large energy density in 
space and in time, with a pulse emission time not 
exceeding 1 picosecond; 

wherein control means for controlling the tem- 

35 perature of an area including said laser oscillator is 
provided outside the temperature control area, on 
the optical axis of the laser light, for controlling the 
irradiation of the laser light continuously emitted 
from said laser oscillator thereby effecting optica! 

*o ablation working on said work article. 



26. A laser working method according to claim 25, 
wherein said control means is arranged by a light 
Intercepting device capable of transmitting or inter- 
45 cepting the laser Pght, and said light intercepting de- 
vice irradiates the work article with a predetermined 
number of pulses thereby effecting optical ablation 
working. . 

50 27. A laser working method according to claim 25, 
wherein said control means is arranged by light in- 
tensity attenuating means capable of controlling the 
attenuation of the intensity of said laser light, and 
said light intensity attenuating means irradiates said 

55 work article with a predetermined energy density 
thereby effecting optical ablation working. 

28. A laser working method according to claim 25, 
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wherein said control means is arranged by a light 
interception control device capable of repeating the 
transmission and interception of the transmitting 
light with a frequency smaller (or a period longer) 
than that of the consecutive light pulses emitted 5 
from said laser oscillator, and said light interception 
control device irradiates said work article with the 
consecutive light pulses at a predetermined inter- 
val, thereby effecting optical ablation working. 

10 

29. A method for producing an ink jet recording head 
provided with an ink discharge orifice for discharg- 
ing an ink droplet to be deposited on a recording 
medium, a liquid chamber for storing ink to be sup- 
plied to said discharge orifice, an ink flow path con- 15 
nectlng said discharge orifice and said liquid cham- 
ber, an energy generating element provided in a 
part of said ink flow path and adapted to generate 
energy for discharging ink, an ink supply aperture 

for supplying said liquid chamber with the ink from 20 
the exterior etc., by working a member constituting 
at least a part of said Ink flow path by a laser working' 
apparatus; 

wherein a member constituting at least a part 
of said ink flow path is sublimatedly worked by using 25 
the laser working apparatus according to either one 
of claims 1 to 24 or the laser working method ac- 
cording to either one of claims 25 to 28. 

30. An ink jet recording head provided with an ink dis- so 
charge orifice for discharging an Ink droplet to be 
deposited on a recording medium, a liquid chamber 

for storing ink to be supplied to said discharge ori- 
fice, an Ink flow path connecting said discharge or- 
ifice and said liquid chamber, an energy generating 35 
element provided in a part of said ink flow path and 
adapted to generate energy for discharging ink, an 
ink supply aperture for supplying said liquid cham- 
ber with the ink from the exterior etc., in which a 
member constituting at least a part of said ink flow *o 
path is formed by a laser working apparatus; 

wherein the ink jet recording head is produced 
by the producing method according to claim 29. 

45 
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